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Objective of this Project 

A Field Test 
of 

Grade Severity 
Rating System 

The objective of this project is to field test Weight Specific Speed (WSS) signs 

to determine if they provide an effective means of providing information to a 

driver of a heavy truck about the speed he should travel a _grade in relation to 

the gross weight of his vehicle. 

Background 

Overheating of truck brakes on grades is a primary cause of runaway trucks. A 

national research project report number(FHWA RD-79-116) developed a truck downgrade 

braking model through instrumental field testing. Brake "fade" is primarily a 

brake temperature phenomenon, accordingly a brake temperature limit can be used to 

investigate potential downgrade problems. For a given speed the use of temperature 

to specify downhi11 braking requirements ;s equivalent to the use of stopping 

distance or deceleration. The report developed a grade severity rating (GSR) from 

the truck downgrade braking model. In conjunction with the GSR Weight Specific 

Speed (WSS) signs were formated- toprovide truck drivers a speed selection within 

acceptable brake temperature limits. These signs provide information about a speed 

that a vehicle driver should travel a downgrade in relation to gross weight of hi s 

vehicle. 

In 1982 the Federal Highway Administration (FHWA) Office of Research awarded a research 

contract to field-test the effectiveness of an experimental advisory sign for trucks 

on downgrades. The Colorado Department of Highways agreed to participate in field­

testing the WSS sign. Transportation Research Corporation of Haymarket, Virginia 

received the award from FHWA for the field test of the signs. In August of 1983 
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the FHWA Contracting Engineer and a Colorado Department of Highways Traffic 

Engineer made a field review of highway grades in Colorado with runaway truck 

incidents. 

A site for field testing the WSS signs was selected on the eastbound lanes of 

I 70 between the east portal of the Eisenhower Tunnel and the Georgetown Inter­

change. 

Field Test Before Data 

For the period September 20, 1983 to September 24, 1983 data was col l ected by 

Transportation Research Corporation personnel for trucks traveling eastbound on 

I 70 at milepoint 228 between Silver Plume and Georgetown. Speeds of trucks were 

matched with visual descriptive information including: truck type, color, operator/ 

company name and identification number. Positive matches were obtained for 

approximately ninety percent of the total truck sample. A total of 768 trucks 

were counted during the five-day study period. An 80% match of speed and weight 

data was obtained and, of the trucks counted, 173 had a gross vehicle weight exceeding 

70,000 lbs. 

Utilizing the truck downgrade braking model from FHWA Report Number RD-79-116,the 

April. 1981 Draft Report, The Development and Evaluation of a Prototype Grade Severity 

Rating System, a program was written in BASIC to calculate final brake temperature 

given vehicle weight, speed, and slope data. Program outputs provide Weight Spec ific 

Speeds for desired weight cl asses. 

From the east portal of the Eisenhower Tunnel to the Georgetown Exit I 70 descends 

from an elevation of 11 ,013 feet to 8,507, a decrease of 2,506 feet. The 12. 6 
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mile section of roadway entails grades ranging from -6.9% to - 1%, with the steeper 

grades in excess of -6% predominating the l ast 2.25 miles between the Si l ver Plume and 

Georgetown interchanges . 

Variabl es used in the BASIC program for final brake temperature are as fa l lows : 

Variable/Unit Basic Language 

Slope Radians R 

Initial brake 
temperature of T2 
Speed mph SI 

Fi na 1 brake 
temperature of T9 

Incremental 
increase in brake 
temperature during 

of emergency stop T8 

Power absorbed 
by brakes hp HI 

Maximum safe final 
brake temperature of T7 

Exhibit 1 page 4 is a chart showing the Weight Specific Speeds generated by thi s 

program for I 70 eastbound (Georgetown Hill) between the Eisenhower Tunnel and 

Georgetown Interchange. The program calculated safe speeds for gross vehicl e 

weight in 1,00.0 lbs. interval s between 70~000 and 80,000 lbs. 

For Georgetown Hill a break point in speeds occurs at 74,000 lbs., and a maximum speed 

of 55 mph. Vehicles with a gross weight of 75,000 lbs. should travel the hill at 

51 mph . Increased weight interval s of 1,000 lbs. result in a sequential reduction 

of safe speeds with the result that an 80,000 lb. vehicle should descend the hill 

at 32 mph. 
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, . • • • TRUCK DOWNGRADE BRAKING MODEL ••• 
STAFF TRAFFIC AND SAFETY PROJECTS BRANCH 

GEOPGETOWN HILL 

SPEED OF 32 MPH SAFE FOR ''';EIGHT OF 80000 POUNDS 

SPEED OF 34 MF'H SAFE FOR ''';EIGHT OF .79000 POUNDS 

SPEED, OF 37 MPH SAFE FOR WEIGHT OF 78000 . poul'ms 

SPEED OF 40 MPH SAFE FOR WEIGHT OF 77000 POUNDS 
I 

SPEED OF 44 MPH SAFE FOR ,wEIGHT OF 76000 POUNDS 
" . ' . 

SPEED OF 51 MPH SAFE FOR WEIGHT OF 75000- POUNDS 

SPEED OF 55 ''''':1PH SAFE FOR I.oJEIGHT OF 74000 POUNDS 

SPEED OF 55 MPH SAFE FOR WEIGHT OF 73000 POUNDS 
. ' . ' 

" 

SPEED OF 55 MPH SAFE FOR WEIGHT OF ';2000 . I POUNDS 

SPEED OF 55 MPH SAFE FOR WEIGHT OF 71000 POUNDS 
.. ~... . .. 

SPEED OF 55 ~1PH SAFE FOR ' .... EIGHT OF 70000 POUNDS 

AVG. GRADE OF THIS 12.93 MILE SLOPE IS 3.8 PERCENT 

CP 1.510 SECS. 

RUN COMPLETE. 

Exhi bit 1 
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The Truck Downgrade Braking Model 
2. 

The 1ruck Downgrade Braking Model is based on a temperature limit concept . For a 

heavy truck travel ing down a steep grade the maximum safe speed is defined as a 

speed that will not produce a brake temperature that will overheat the truck brakes. 

A truck on a grade. should have enough braking capacity to maintain a steady descent 

speed and allow an emergency stop on the hill or at the bottom of the hill . . 

The maximum allowable final brake temperature (Tlim) is the sum of two sources of 

brake heating; one the heating from a steady grade descent at a speed Vo' the other 

resulting from a braked stop initiated at speed Va. 

The value of Tlim was selected to be 5000 F. This is based on a range of br.3ke 

temperatures at the start of fade for various linings, the typical degree of brake 

unba 1 ance found on ran.dom trucks whose brake temperatures were measured. 

Experimental Sign Format 

In June of 1982 the Federal Highway Administration Office of Traffic Operation 

authorized field testing of the experimental WSS sign. Exhibit 2 shows a layout of the 

sign. For the signs to be installed on Georgetown Hill two weight intervals from the 

listing of the truck Downgrade Braking Model were selected for the sign message. 

A review of the weight class of vehicles entering the runaway truck ramps on 

Colorado Highways showed that 50% of the trucks using the ramps exceeded a gross 

vehicle weight of 70,000 lbs. Therefore, the two weight classes and speeds shown on 

the WSS sign are representative of the mix of truck weights found that have a signifi­

cant history of brake failure on grades on Colorado Highways. 
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After Data Collection 4. 

Two WSS signs were installed on I 70 during early November 1983. The first 

sign is located at milepoint 216, 0.7 miles east of the Eisenhower Tunnel and 

the second sign i s at milepoint 225, 0.9 miles west of the Silver Plume exit. 

A profi l e of the grade with sign locations is shown on Exhibit 3 . 

During the week of November 7 the contractor col1ected "acclimation" data to 

determine if there was any adaptation on the part of truck drivers to the speed 

messages of the WSS signs. 

Exhibit 4 from the Transportation Research Corporation report provides a pre­

liminary analysi s of before and after (acclimation) data. 

Smaller samples of data for the after study were obtained due to the fact that 

snowfall limited data collection. 

The contractors interi~ report found that the acclimation phase ~rovided 

good statistical reliability with 95th percent confidence of the mean with a 2. 0 

mph accuracy. A conclusion of the contractor's interim report was that "l i ttl e 

if any effect i s realized from the presence of the Weight Specific Sign. Whil e 

a slowing tendency is evident for the 75,000-80,000 pound trucks, as their observed 

mean speeds approached that posted on the Weight Specific Sign, this speed 

reduction is not statistically significant (nor is the 48 to 52 percent reduction 

which exceeded the posted speed). Virtually no mean speed difference is evident 

for the 70,000-75,000 pound trucks (as could be expected due to their slower-than-

GSR speed in the before condition). A deceptively dramatic reduction (8 to 21 percent) 

in proportion of the trucks in this class exceeding the GSR speed is not stati s tically 

significant due to the small sample. Trucks lighter than 70,000 pounds exhibited 

a slight, but stati stically non-significant, speed increase between the before 
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Sample Size ' 
('T1 

" .-
::;-

0-
lD ...... Mean Speed 

rr 

+-
(95\ confidence) 

\ Exceeding 
, GSR Speed ' 

GSR Category 

75-80,000 'pounds 70-75,000 pounds ..: 70,000 pounds 
, of 

32 mph 51 mph 55 mp.h , . 

BEFORE ACC BEFORE ACC BEFORE ACC 

. 
, 85 30 78 24 605 200 

35.1 32.7 35.7 35.5 53.6 54.7 
, mph mph . , mph mph mph , mph 

:ti.5 " :tl~8 :t1.8 :t2 • 0 :to. 5 :t .8 
mph 'mph mph mph mph mph 

52 48 21 . 8 57 64 ., .' . 
.; 

Table A - Preliminary Analysis of before versus acclimation 
data collected at theColoradcl site 
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and acclimation condition. 

In conclusion, comparison of before versus acclimation data revealed some minor 

(statistically non-significant) tendencies toward compliance with GSR-posted 

speeds. Slight speed reductions were noted for 75,000 to 80,000 lb. trucks, while 

a smaller proportion of the 70,000-75,000 lb. trucks exceeded the GSR-posted speed. 

T.hese t endencies are insufficient to demonstrate a valid statistical effect. A 

comprehensive determination of sign effect wi1l be undertaken during the lIafter" 

data collection thi s coming fall. II 

Preliminary Finding From the Contractor 

On January 30, 1985 a copy of a preliminary finding in the FHWA study was transmitted 

to the Staff Traffic Engineering Branch by the contractor, Results of the study 

indicate generally poor compliance with posted speeds. Exhibit 5 shows da ta for 

six grades where experimental WSS signs were posted . 

Conclusions and Recommendations 

This report is a minute portion of the work that has been done to create an 

improvement in safety for trucks on highway grades. Ten states are participating in 

the overall program which should contribute to a more significant data base. The 

Weight Specific Speed sign is an alternative countermeasure to construction of runaway 

truck ramps and should be used as an adjunct or.~additive to the existing seri es of 

signs O~7-1 to 4) in Part IJ...C in the Manual on Uniform Traffic Control Devices (MUTCD). 

At the present time there are ten runaway truck escape ramps on mountain highway 

grades in Colorado with a recorded history of over 413 usages. A study of downhill 

grades where escape ramps are not in place showed that there are 14 locations 

where runaway truck accidents have occurred. The cost effectiveness of runaway 

ramp construction at these locations has not been investigated; however, installation 
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Site 
(Total Sample) 

Cabbage Hill 
(N=I,253) 

Colorado 
(N=784) 

Imperial Grade 
(N=69) 

Medford, Oregon 
(N=742) 

.-

Siskyou County, 
CA . 

(N=1,344) 

Hest Virginia 
(N=207) 

l-leigh t Class 
(kip&) 

·60 
60-65 
65-70_ 
70-75 
75~80 

70 
·70-75 
75-80 

65 
65-70 
70-75 
75-80 

60 
60-65 
65-70 
70-75 
75--80 

75 
75-80 

74 
74-80 

., -, 

Posted Speed 
(mph) 

55 
37 
26 
22 
18 

55 
51 
32 

55 
45 
30 
20 

55 
44 
30 
23 
18 

-55 
45 

55 
40 

Average 
Sample Size Actual Speed 

(mph) 

. 
459 50.7 

77 48.5 
' , 74 42.3 

203 44.1 
440 44.2 

588 52.2 
85 38.0 

111 36.5 

'53 50.3 
3 45.4 
6 27.1 
7 32.0 

200 50.7 
39 48.5 
42 42.3 

139 44.1 
322 44.2 

826 55.4 
523 53.·3 

198 56.8 
9 56.5 

Exhibit 5 - Compliance with GSR Posted Speeds 
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Proportion 
Exceeding 

Posted Speed 

.37 

.69 

.90 

.97 
:98 

.48 

.16 

.59 

.38 I 

.33 

.33 
1.00 

.37 

.69 

.90 

.97 

.98 , 

I .59 I .88 

.71. 
1. 0r; 



-of the WSS signs at selected .grades where the accident rate exceeds 1.0 per 

100,000 downhill trucks might provide a low cost means of reducing accidents 

for heavy trucks. 

So far the field test of the WSS sign has been inconclusive. Research in the 

field of sign recognition has shown that a high percentage of drivers de not 

recognize the intended meaning of many signs. However, given the fact that 

the WSS sign is intended to supply special information to a unique segment of 

the driving population it is possible that more widespread use of the sign 

would increase recognition and compliance by drivers of heavy vehicl es. 

There has been pressure by enforcement authorities to solve the runaway truck 

problem by means of speed enforcement of heavy vehicles. While this seems to 

be effective the fact remains that incidents of runaway vehicles are occurrin'9 

on the Colorado I 70 grade where a 25 MPH speed limit is in place for all vehicles 

over 10,000 lbs., G.V.W. 

The Colorado Truck Size and Weight Report shows that the average weight of an 

empty combination truck is in the range of 30 to 35 thousand pounds. Further, 

the report shows that 30 to 35% of combination trucks traveling Colorado highways 

are not loaded. A conclusion is that enforcement of a 25 MPH speed limit for 

vehicles over 10,000 G.V.W. is a severe restriction for drivers of unloaded trucks. 

As a recommendation further study should be done to evaluate the WSS signs. The 

Colorado ,Study site at the I 70 Georgetown Hill should be utilized for further 

research since truck speed data can be correlated with truck weight data from the 

Dumont Weigh Station located 6 mi l es east of the Georgetown interchange. 

_ 12_ 



An addi·tional study site should be located on the westbound lane of I 70 

on the west side of Vail Pas~. The Vail Pass grade is steeper than the 

Georgetown Hill study site. The average grade for Georgetown Hill is 3.8 percent 

The westbound I 70 Vail Pass Grade is 4.7 percent. There have been over 60 

~sages of the Vail Pass Truck Ramps which indicates that the steeper average 

grade creates a higher incidence of braking problems. A fUrther reason for 

utilizing the Vail Pass grade for additional research for WSS signs i s that 

before data has been collected by the contractor on this grade. 

Implementation 

Implementation of the WSS sign is dependent on the results of the field test 

authorized under the FHWA contract. The Colorado Department of Highways 

participation in the field test of the experimental signs was given impetus by the 

magnitude and severity of runaway truck accidents on grades in Colorado. As 

a result a program was initiated to construct runaway truck escape ramps at 

high truck accident locations. There are 10 runaway ramps located on State 

Highway grades in Colorado. For the period 1976 to 1984 there have been 413 

usages of these ramps. 

For runaway truck incidents where mechanical or equipment failures have occurred 

our reports show that 144 incidents of this type involved brake related problems 

with over 30 percent reporting overheating of brakes as the reason for utilizing 

the runaway ramp. As a result it is reasonable to believe that the present 

signing system for warning truck drivers about severe downgrades is not effective. 

The WSS sign offers pertinent information to the driver that he may relate 

directly to his vehicle and the grade that he is travel ing. It is recommended 



that use 'Of the WSS sign be extended to other grades where runaway truck 

accidents have occurred. There are thirteen such locations in Colorado. 

Posting 'of WSS signs on these grades should be considered under the experimental 

program. The sign locations would be'monitored over the study period. 

To provide additional infonmation under the program, the Colorado State Highway 

Department would perform an accident study after the signs had been in place 

for three years and submit a report to FHWA of the accident history. 
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Appendix A 

Field Data Collection Procedures for Highway Grades 2 

Most of the mountain highway grades in Colorado are multiple grade hills, Grades 

vary sequentially according to the terrain traversed by the road. In many cases 

grade data is not available from roadway plans. The following is a procedure 

presented in reference number 2 for determining the value of R for the Truck Down­

grade Braking Model for a specific grade; a driver and a recorder are required: 

1. It is critical to determine the steepness and length of the grade 

quite accurately. 

2. Use a car with a calibrated odometer andasens i tive hand-held altimet~r. 

3. Drive slowly down the grade with the car windows open so air pressure 

inside the car is the same as air pressure outside. Tap the altimeter 

frequently to counteract stickfng in the instrument. 

4. At each 20 feet of altitude change, the person holding the altimeter call s 

now and the driver estimates the odometer reading to the nearest hundredth 

of a mile. 

5. The driver cal l s out the odometer reading to the recorder who records the 

mileage and the altitude. 

6. Thi s procedure i s repeated several times, dr i ving both uphill and downhi l l. 

A-I 



7. Using the altitude and distance data a grade profile i s plotted for 

each run recorded. 

8. An average of the individual profiles is used as the best estimate 

of the grade profile. 

9. A straight line may be fitted between two points to determine the slope 

and percent of grade. 
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Appendix B 

GVW Kips 
Class Interval 

20 

20-25 

26-30 

31-35 

3-6-40 

41-45 

46-50 

51-55 

56-60 

61-65 

66-70 

71-75 

76-80 

81-85 

TOTAL 

WEIGHT DISTRIBUTION 
OF 

TRUCKS ENTERING 
RUNAWAY TRUCK RAMPS IN COLORADO 3, 

No. 

15 

10 

8 

8 

5 

4 

10 

4 

10 

16 

35 

53 

77 

3 

% 

49 

06 

14 

20 

30 

01 

258 * 

* Based on Revised April 1983 A Report on 
Truck Escape Ramp Use in Colorado 
Appendix A Summary of Use, For 282 Usages 
Weight data was not available for 24 vehicles 
entering the ramps. 
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File No.. 704.28 MEMORA.NDUM 
DEPARTMENT OF HIGHWAYS 

4201 East Arkansas Ave. 
Denver, Colorado 80222 

DATE: 

TO: 

FROM: 

SUBJECT: 

December 15, 1981 

Ray Ericksen 

DOH File 16-00 

Matt Reay and Dan Lyens 

Cemputer Analysis ef Weight Speci fi c Speeds 

As yeu knew. the cencept of a grade severity rating system (GSRS) 
has been studied extensively. and a werkable example ef such a system 
is described in Report No.. FHWA-RD-79-116, Feasibility of ~ Grade 
Severity Rating System. Another repert, entitled The Development 
and Evaluatien of ~ Pretotype Grade Severity Rating System,(April 1981) 
details the calculations and formulas established by the first, and 
presents a method for predicting final brake temperatures of 5 axle 
vehicles using a programmable calcula,tor. 

Shewn here is a similar program, written in BASIC for ~ CDC 6400 
computer. This pregram, like the HP67/97 program in the report, 
calculates final brake temperature given vehicle weight, speed, and 
slope data, but unlike the calculator pregram, eur program eutputs 
the Weight Specific Speeds in each case. This eliminates the need 
fer the engineer to. repeatedly· enter data fer each combination of 
weight and speed. 

Attached is a program listing with a sample data list and sample out­
put. The procedure is the same as that followed in Appendix C of the 
April 1981 document mentiened abeve, except that certain variables were 
renamed to. accemmedate the language used. These changes are as follews: 
FHWA Decument BASIC Pregram Variable name, unit 

e R 

T2 

51 

T9 

T8 

Hi 

T7 

Sl epe, radi ans 

Initial brake temperature, eF 

Speed, mph 

Final brake temperature, OF 

Incremental increase in brake 
tempersture during emergency 
stop. F 

Power abserbed by brakes, hp 

Ma~imum safe ginal brake 
temperature, F 



. " '" 

Ray Erickson 
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Also attached i s a chart showing the weight specific speeds (~SS) 
generated by this program for seven selected locations in Colorado. 
Note that this method ignores the effect of horizontal curvature in 
the roadway, as evidenced by a WSS of 55 mph for the lowest weight 
class on Rabbit Ears Pass. It should be emphasized that this method 
is .only a tool, and that it cannot and should not replace good engineering 
judgment. 

MR/DL:bn 

cc: File 

---'- --' . . " .... " . ,- " . 

1" I. 

,\.~~,,! t/fli:.1 

DAN LYONS 
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BASIC Program to determine weigh't specific speeds 

81./12/15. O:~. 4:;:.11. 
PROGRA~1 rIAt-~ 1 

(10100 
00200 
00:300 
00400 
00500 
00600 
00700 
1)0:::00 

F'Et'1 
F.'Et'l 
PEt'l 
F'PIln 
H~PUT 

PF.: I NT 

PROGRAM DETERMINES VALUES FOR WEIGHT SPECIFIC SPEEDS 
DATA CONSISTS OF INITIAL BRAKE TEMP FOLLOWED BY 
'~LOPE IN RADIANS AND LENGTH IN MILES FOR EACH GRADE 

"ENTER GRADE IDENTIFIER IN QUOTES"; 

00909 
01000 
01100 
1)1 2 00 
01:300 
01400 
01500 
01':,1)0 
01700 
01:::00 
01'?O!) 

A$ 

PF'HH 
F'F' I NT 
P~INT "+ + • TRUCK DOWNGRADE BRAKING MODEL 
PJ::·INT 
PR ItH TAB (15) ; A$ 
F'Rlt'n 
FOP W=85000 TO 500aO STEP -5000 
FOR S1=55 TO 1 STEP -1 
READ T2, F:, L 
Kl=1.23+(.0256+S1) 
K2=1/(.1+.0020S.si) 
TS=(3.11+W+(Sl.+2))/10000000 
H1~«(W+R)~(450+17.25+S1»)+(S1 /375»-73 

02000 E=(-1+K1+L)/Sl 
02100 E 1=1-E>::P'(E)' .' 
02200 T'?=T2+ «,~0-T2+ (k2+HD::O + (E.D)· 
02300 T7=T!::+T'? 
02400 IF ~7> 500 THEN B2g00 
02500 ·T2=T'? 
02600 · t·mDATA 0:::::;: (10 
02700 READ R,L 
02800 GO TO 01900 
02'?00 F:ESTORE 
0:;: 000 t-lE~'~T $1 

+ + +" 

0::::100 F'RItH "t·m '~:AFE SPEED FOF: 1 .• .IEI'3HT OF"I~_I" POUt'HlS" -
03200 GO TO 03400 

' ,):3:300 PJ:::INT "S:PEED OF" S1" 1'1PH S:AFE FOr:: I.o.IEI'3HT OF ..... I .. POUt·Ht:S:" 
03400 F'I:;:Hn 
0::::5 I) 0 PESTOPE 
03600 NE::-~T IJ) 

1}3700 :S:TOP 
10000 DATA 15 0 
10001 DATA .0692,2.3 
10002 DATA .0685,1.95 
1~003 DATA .0636,3.2 
10004 DATA- .0430,.29 

C-j' - -



1 
... ..' , , 

- . 

Sample rUt1 ol r;,\!jIC P'rogram 

81/12/15. 08.~4.04. 
PF.'OGPAt·l IIAN 1 

ENTEF. GPADE IDEtHIFIEF.: IN G'UOTE:S:? "F'ABBIT EFtf=:'S !=-'AS.::" 

.. .. ~ TF.'I.II:K It OIt.lt'~ 13 F.: A D E E:F.:AI< I t4G ~lOriEL .. .. .. 
~'FlE:E:I T EAP:S: PASS 

S:PEEII .OF 1 1 t~lPH SAFE FOP 't.lEII:HT OF :::5000 POUt'IDS 

'~:F'EED OF 1'-' a:. t~lPH SAFE FOP. I,.IE IGHT OF ::: (I 0 (I (I POUt·m:::;: 

SPEED OF 1'-' ,~, "lPH $F"iFE FOF.: 1 .•. /EII3HT OF 75000 POUt·m :s 

SPEED OF 1 E, ~lPH SAFE FOF.: I .• /EIGHT OF 70000 POUnDS 

:S:F'EED OF 19 "'PH :::AFE FOR '.t./EIGHT OF E,5000 Pout·ms 

SPEED OF 2:3 t'lPH SAFE FOR t •. /EIGHT OF ;:,0000 .POUt'IIl:; 

'SPEED OF :;::;: NPH SAFE FOR 1.t.lEIGHT' OF 55000 POUNDS 

. 
, 'SPEED OF c:'C' 

'.".' t'lPH SAFE FOR I.'-'EIGHT OF 50000 POUND::: 

CP o. :355 SECS. 

~'UN Cot-1PLETE. 

C-4 
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WEIGHT SPEC I FIC SPEEDS FOR VARIOUS GRADES IN COLORADO 

VEHICLE WEIGHT (POUNDS) 

LOCATION 85,000 80,000 75,000 70,000 65,000 60.000 55.000 

I - 70 Eastbound, 25* 32 46 55 55 55 55 Mt. Vernon Canyon 

1-70 Westbound, . 14* 16 19 23 31 55 55 Z Stra ight Creek 
0 
~ 

I-70 Westbound. « 17* 20 24 31 53 55 55 u Voii Pass 
0 
-1 

>- I· 70 Eastbound, 28* 36 55 55 55 55 55 m Gecrgetown Hill 
~ -:I: U.S. 40 Westbound, a... II 12 13 16 19 23 33 

:E Rabbit Ears Pass -
0 U.S. 160 Westbound, 10 II 12 14 17 21 28 w ! w Wolf Creek Pass , 
a... 
(f) 

S.H. 141 Northbound. 13 15 18 23 31 55 55 Slick Rock HilD 
- - - - - -

*Vehicles in excess of 80,000 Ibs. are not ollowed on interstate highwaysJ except by special permit. 

50,000 

55 
I 

55 

55 . 1 

. 
55 

55 

55 

55 
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' I 
i 

'j 

.11,1' , t.1.-.., I ' " Eo I' II; '. 11 ,. '.1' 
Tc"'~IIIIAL - 1):37 

, F 1 tE: NAI'IF.: DAII 

I , ~ . I f • • I t. I • ( ,/.u,:t .... IV,.u, .. 1 

IQI'.c,o~' Ib ,LAST COttTI='OL STflTEMEttT-
1.~ST , COMMfltlD-I1'NH 
'S~SS lOti STATUS -' 0 ~3,0I"l() ih 41.:iEC1"'U~' 

C'~.E" SVST.M ... 

~·t 't.;>/14. 09.P.2.1~. C"(lcEI=' 
pPO~leCT: PHAP 
TERMUiFlLI 15. TTV 

P~EVIC1JS SESSION RECO\lERED AT POltlT' oF' HtTERRUPTIOtU 
TERl1ltlAL - 037 
FILE NAME:, DAti 
LAST COtlT~OLSTATEMEttT­
LAST COMMAND-RtIH 
$ESS ION STATUS - IJA ITltfG FOR CONMAttD. 
EttTEI' (CR) TO COtITlIlIJE. 
ENTEI' STOP TO TERI'lItIRTE EXECUTION. 

-IDLE' • 
LtIH .. 10000 

10000 DFITA 
1000'1 DFITA 
10002 UFlTA 
0003 DATA 
S 

"~/ .. 
~~.I8.Is, ,i~'" __ '_ r--"-1," 

r "I f. AJ.al,p," , '/.11'1-- ,IV 

~" 1f,.,jI {fol" '" I J,.' ",lld 

7~000.1'0 •• 016~ •• 16 
• 0662 •• 26 
• 06'?!) •• 1:5 
• IttT. 

.TEPN· 
1 '.1000 DATA 100000.151), '. Ol~5 •• l~ 14",, " 
IntH r!!. rlld..t:o/,· """P' 1&.ItIi ~1,IJ.t. ':'~J.~~J 

,. ~/II10 841",:/ , Ik r ~ ~'" ~F ~ , 
liD'" FAST YOU ~'AHHR GO. HUH?~" 

27. ':19 , 143. 163 J 76. 1 ~'3 
~7.~ 187.~49 al~.239 
~.9? 210.864 ~~e.e'4 
,27.99 a~I.976 ~4~.966 

.. 27. 9?' 224. 64~ a'!i2. 636 
27.99. 240.344 ~68.334 
i7.?9 247.642 ~7~.632 
27." 27').6'9 ~OI.648 
27.':19 2S'.779 311.76~ 
27~" 298.n6 '3~.3t'" 
27.99 313.253 ~41.243 
27. 99 ~15.S76 :'34'3.866 
27.~9 ~~~.494 8~6.4S4 
a7.~~ ~47.309 '37~.299 
27.99 31;4.496 ,;.n. 430; 
27.99 3~$.~3* 186.~23 
27.99 331.805 4n9.795 
27.99 401.62 429.61 
27.99 3e9.12~ 417.113 
27.99 404.8t; 432. ::05 

, 27.99 4'37.659 4€-'5.649 
27.99 449.4";4 4;-7.454 '---
27.99 4€o'.~92 4':13.382 
27.~9 4"'"1.77 439.,0; 
27.99 450.'~7 4'e.9~7 
27.99 4'7.S23 485.813 

,27.99 442.361 470.351 
~27.99 45'.655 433.645 
l7.99 4~0.SQ':I 4'S.''?9 
27.99 450;.0'9'1 484.1.131 
27.99 450.472 4;'8. 46Z, 
27. 99 4~o;. 7 4:~4. 0;9 
l7.99 441.l. ':NS 46~.33~ 
27.99 4'52.4'58 49(1.443 
27.99 4~'3.4?S 4SI.485 
27..99 4'33& 15~ 4",6. 14~ 
27.99 48'0.93 '5(1:3.92 

TeMPERATlIRE EXCEEI'IED AT A SFEED' OF 30 MPH 
ABORT, OCCURS Itt .... 3 MILE SECTlO" 
WITH FI BRAKE TEMFERATURE OF 5~.92 DEGREES 

CP 0.332 SECS. 

.. ~., " .- -
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Appendix 0 
STATE DEPARTMENT OF HIGHWAYS 

DIVISION OF HI~IMAYS - STATE OF COLORI\DO 
STAFF TRAFFIC AND SAFETY PROJECTS BRANCH 

Runawa~-Truck Accidents--Downhi11 Locations Where EscaQe Ram~s Are Not in Place 

September 1, 1978 - September 1,1981 

Total Fa ta 1 Injury No . of 
Truck Truck Truck Downhill Trucks Ace. * 

SH location Aces. Aces . Aces. Per Da~ Rate 
I 

50 0 Monarch Pass EB 11 2 5 11 5 8.7 
MP 202-211 

550 ~ Coal Bank Hill SB 4 2 1 55 6.6 
MP Sl-S2 

139 Douglas Pass NB 4 0 60 6.1 
MP 37-38 

SO Monarch Pass WB 7 0 2 11 0 5.8 
MP 190-199 

41 Nine-Mile Hill S. of 4 3 105 3.S 
to/hi tewater NB 
MP 149-151 

6 Loveland Pass WB 2 1 1 S5 3.3 
MP 216-218 

141 N. of Gateway SB 3 0 2 105 2.6 
MP 116 

25 Raton Pa ss NB 7 1 5 255 2.5 
MP 2-6 

50 E. of Cimarron WB 3 1 11 5 2. 4 
MP 117-118 

SO H. of Canon City WB 3 a 125 2.2 
~1P 268-269 

19 W. of Boulder EB 2 a 0 100 1.8 
MP 34-35 

0-1 
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Runaway-Truck Accidents--Downhill Locations (continued) 
Page 2 

Tota 1 Fata l Injury 
Truck Truck Truck Downhi ll Trucks Ace. * 

SH Location Aces. Aces. Accs. Per Day Rate 

285 **Crow Hill SI) 3 135 1. 2 
MP 222 

70 Floyd Hi 11 WB 6 2 3 680 0.8 
MP 244-245 

\~ 

160 Hesperus Hill,W. of 2 1 235 0.8 
Durango EB 
MP 77-78 

91 Fremont Pass NB 0 1 110 0.8 
~lP 17-19 

70 Georgetown Hill EB 4 3 0 640 0.6 
MP 227-228 

* Accident Rate = runaway-truck accidents per 100,000 downhill trucks 

** Accident History 7/26/76 to 9/1/81 

~ Locations where Runaway Truck Ramps have recently been constructed 

0-2 
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